Many genes are toxic when overexpressed, but general mechanisms for this toxicity have proven elusive. Vavouri et al. (2009) find that intrinsic protein disorder and promiscuous molecular interactions are strong determinants of dosage sensitivity, explaining in part the toxicity of dosagesensitive oncogenes in mice and humans.
In golf, the tee shot is arguably the easiest shot to play. For the opening stroke, the golfer is able to stand on a flat and firm grassy surface with a clear view of the fairway, to position the ball on a tee, and then to strike it using a club with a large head. In spite of such a perfectly poised state, some of us nevertheless manage to mi shit the shot. Fortunately, when it comes to signal-induced gene activation, eukaryotic cells do not misfire because elaborate molecular strategies are in place not only to poise RNA polymerase complexes at promoters but also to efficiently and reproducibly activate them when the appropriate environmental signals are sensed. In a pair of articles in this issue of Cell, the Smale and Medzhitov laboratories provide new insights into molecular mechanisms that prime a set of macrophage genes induced by bacterial lipopolysaccharide (LPS) for rapid and efficient activation (Ramirez-Carrozzi et al., 2009; Hargreaves et al., 2009) .
Two fundamental insights have been obtained through the analysis of LPSinducible genes in macrophages. The Smale group demonstrates that CpG islands in the promoter regions of these genes destabilize nucleosome assembly (Ramirez-Carrozzi et al., 2009 ). This destabilization likely enables the transcriptional activator Sp1 to readily gain access to promoter binding sites in the uninduced state without the need for nucleosome remodeling. Sp1 facilitates the recruitment of general transcription factors and RNA Polymerase II (Pol II) to LPS-inducible gene promoters. Meanwhile, the Medzhitov group shows that in the uninduced state, these LPS-inducible genes in macrophages are actively transcribed to varying degrees but produce nonfunctional primary transcripts that are rapidly degraded because the Pol II that is recruited cannot couple transcription with RNA processing (Hargreaves et al., 2009) . In response to an LPS signal, the inducible transcription factor NF-κB binds to the promoters of the macrophage genes and recruits the P-TEFb complex. This complex in turn phosphorylates Pol II and converts it into a form that is more efficient at elongation
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Harinder Singh 1,2, Eukaryotic cells use elaborate molecular mechanisms to rapidly activate signal-dependent gene expression. New work provides fresh insights into these mechanisms by demonstrating that CpG islands in promoters are nucleosome-destabilizing elements and can facilitate the establishment of an unusual poised transcriptional state (Ramirez-Carrozzi et al., 2009; Hargreaves et al., 2009 ). The primary response gene contains a CpG island in its promoter that acts as a nucleosome-destabilizing element. This property enables the activator Sp1 to bind to sites within the CpG island and recruit components of the transcriptional preinitiation complex (PIC) and RNA Polymerase II (RNA Pol II). In this uninduced state, RNA Pol II (phosphorylated at Serine 5 in its heptad repeat) transcribes the gene at lower levels. Importantly, uninduced transcription is uncoupled from splicing, thereby generating nonproductive transcripts. Macrophage activation by bacterial lipopolysaccharide (LPS) via a Toll-like receptor (TLR) activates the transcription factor NF-κB. Upon binding to its site in the target gene promoter, NF-κB recruits the P-TEFb complex via the adaptor protein Brd4. The interaction of Brd4 at the promoter is stabilized by inducible histone modifications (H4K5, 8, 12Ac) . The kinase activity of P-TEFb phosphorylates Serine 2 residues in the heptad repeat of RNA Pol II, converting it into a form capable of more efficient elongation and enabling the recruitment of splicing factor (SF) and polyadenylation factor (pA) needed for processing of the nascent RNA transcripts. Thus, in the induced state, productive transcription of the target gene can be increased and coupled to splicing to generate functional mRNAs.
and that now couples transcription with RNA processing. Thus, upon induction, these macrophage genes are rapidly activated to generate high levels of functional mRNAs (Figure 1) .
Macrophages are an excellent model system with which to analyze fundamental mechanisms in signal-activated gene expression. Upon sensing bacterial cell surface structures such as LPS via Toll-like receptors (TLRs), macrophages induce the expression of primary and secondary response genes, which encode proinflammatory cytokines and antimicrobial proteins. Primary response genes (PRGs) are the first to be activated by LPS signaling without a requirement for protein synthesis. In earlier work, the Smale laboratory established that a subset of these genes can be induced without the need for the nucleosome remodeling activity of the SWI/SNF complex (Ramirez-Carrozzi et al., 2006) . In their new study, they expand on this subset of PRGs and determine that they are highly enriched for CpG islands in their promoters. In contrast, the promoters of PRGs that are dependent on the SWI/SNF complex for induction lack CpG islands.
CpG islands are defined as DNA sequences that contain CpG dinucleotides at a frequency that is significantly higher than expected for a random distribution based on the base composition of the mammalian genome (Suzuki and Bird, 2008) . CpG islands have been extensively characterized in the context of promoters of housekeeping genes and generally do not undergo DNA methylation. Ramirez-Carrozzi et al. (2009) now uncover a new property of these CpG islands and explore their involvement in signal-induced transcription. Chromatin immunoprecipitation (ChIP) assays revealed that the CpG island-containing promoters of PRGs contained lower amounts of histone H3. This led the authors to hypothesize that the CpG sequence per se may represent a nucleosome-destabilizing element. To test this possibility in vitro, they carried out nucleosome assembly assays with a mixture of DNA fragments representing CpG-island and non-CpG-island promoters. Using this assay under subsaturating (10% assembly) and near-saturating (80%-90% assembly) conditions and repeated rounds of selection by gel electrophoresis, the authors identified promoter sequences that stably assemble into nucleosomes and those that do not. The CpG island promoter sequences fell into the latter category. The authors provide in vivo support for the idea that CpG islands represent nucleosome-destabilizing elements by analyzing a genome-wide data set of DNase 1-hypersensitive sites in nonstimulated human T cells. This reveals that a large fraction of the orthologous genes containing CpG islands display constitutive DNase 1-hypersensitive sites at their promoters that reflect low nucleosome occupancy.
In the uninduced state, promoters of PRGs containing CpG islands appear to be bounded by nucleosomes that have activating histone modifications, including H3K4me3 and H3K9Ac (Figure 1) . Furthermore, assembly of preinitiation complexes (PICs) can be inferred by the crosslinking of the TATA box-binding protein (TBP). RNA Pol II can be detected at these promoters but in a form that is phosphorylated selectively at Serine 5 (S5-P) in its heptad repeat (Sims et al., 2004) . Recruitment of RNA Pol II to the CpG island promoters is dependent on the activator protein Sp1, which is bound in the uninduced state. The major surprise in the molecular analysis of the uninduced state revealed by Hargreaves et al. (2009) is that RNA Pol II (S5-P) appears not only to initiate transcription but also to generate full-length transcripts that are not processed by splicing (Figure 1) .
This situation provides a striking contrast to an expanding transcriptional regulatory scenario that was initially explored in the context of heat shock genes in Drosophila (Core and Lis, 2008) . In the uninduced state (in the absence of heat shock), these genes have a paused polymerase (S5-P) positioned ?40 base pairs downstream of the start site. Heat shock activates the transcription factor HSF, which binds to heat shock gene promoters. HSF recruits the P-TEFb complex, whose kinase subunit phosphorylates the heptad repeat of Pol II on Serine 2 (S2-P) and converts the enzyme into a form capable of processive transcription elongation. In this well-characterized scenario, Pol II in the uninduced state generates short abortive transcripts, whereas in the induced state it generates full-length transcripts.
In their study of PRGs with promoters containing CpG islands, Hargreaves et al. (2009) demonstrate that LPS activation of the transcription factor NF-κB results in its binding to promoters and the acetylation of histone H4 in multiple positions in the nucleosomes of these promoters. These histone modifications facilitate the binding of the bromodomain protein Brd4 that interacts with P-TEFb (Jang et al., 2005) . Thus, as is the case for heat shock genes, a signal-dependent activator, in this case NF-κB, recruits P-TEFb to target promoters, resulting in phosphorylation of Pol II at Serine 2 (Figure 1 ). However, a key distinction is that in the absence of LPS stimulation, Pol II (S5-P) at PRGs is not paused but generates full-length transcripts that are unprocessed. Upon LPS signaling, the activated Pol II (S5-P, S2-P) efficiently couples with the splicing machinery to generate processed mRNAs (Bentley, 2005) . Notably, Hargreaves et al. (2009) provide support for their contention that the S5-P RNA Pol II fully transcribes PRGs in the uninduced state, as this activity is insensitive to dichloro-ribofuranosylbenzimidazole (DRB), a molecule that inhibits Serine 2 phosphorylation and conventional Pol II processivity.
A major unresolved issue is what distinguishes the transcriptionally competent but processing-defective RNA Pol II (S5-P) complexes at CpG islands containing PRG promoters from their similarly modified but paused counterparts at heat shock genes and many other inducible genes in flies and mammals. It is possible that this discrimination is at the level of differential activity of negative regulators of transcription elongation such as DSIF and NELF at the two types of promoters (Sims et al., 2004) . The new scenario uncovered by the Medzhitov group implicating an S5-P RNA Pol II complex whose transcription activity is uncoupled from splicing is consistent with the view that Serine 2 phosphorylation is required for recruitment of splicing factors to Pol II and that transcription of histone-encoding genes lacking introns is refractory to inhibition by DRB.
Smale and colleagues raise an intriguing evolutionary scenario concerning CpG islands in the genome. Their nucleosome-destabilizing feature makes CpG islands ideal sequences for easy access by transcription activators and RNA Pol II complexes, hence their prevalent use in the promoters of housekeeping genes in mammals. Previously, poly (dA:dT) tracts in the yeast genome were shown to have similar molecular properties and transcriptional activating functions (Anderson and Widom, 2001; Iyer and Struhl, 1995) . It appears that some CpG promoters have evolved to regulate rapid signal-induced transcription in response to diverse stimuli. This requires a signal-induced activator, which converts pre-engaged RNA Pol II into a form that can efficiently undergo transcription elongation coupled to RNA splicing. Thus, to end with the golfing analogy, CpG islands are the "transcriptional tee off" areas of the mammalian genome that provide a nucleosome-depleted surface for the efficient assembly and partial activation of RNA Pol II complexes prior to their productive launch down genomic "fairways" in a signal-dependent manner.
